Background: Increased oxidative stress and histopathological damage have been implicated in the cardiotoxicity that limits the clinical therapy of cisplatin (CP) as an anti-cancer drug. Objectives: This study aimed to investigate the protective effect of hesperidin (HP) against CP-induced cardiotoxicity in rats. Materials and Methods: Rats were divided into four groups (n = 7/group), and the first group served as the control group. Animals in Group CP and Group CP + HP received a single dose of CP (CP -7 mg/kg); animals in Group HP and Group CP + HP received 50 mg/kg/day HP with gavage for 14 days. At the end of day 14, cardiac tissue samples were histologically and biochemically examined. Results: In this experimental study, thiobarbituric acid reactive substances levels in the cardiac tissue were significantly higher in the CP group, whereas glutathione (GSH), superoxide dismutase (SOD), and CAT levels were significantly lower in this group. On the other hand, GSH and SOD levels in the CP + HP group were similar to the control group. There was no significant difference in cardiac CAT levels between Group CP and Group CP + HP. Conclusion: Hesperetin treatment leads to a decrease in oxidative stress, and associated histological damage. The findings of the current study suggest that HP has a protective effect against CP-induced cardiotoxicity.
Introduction
Cisplatin (Cis-diamminedichloroplatinum [CP] ) is a platinum-based anti-carcinogenic drug that is commonly used in the treatment of solid tumors. The therapeutic effect of CP increases prominently with increasing dose. [1] On the other hand, the clinical use of CP has been limited due to increased oxidative stress, and side effects (nephrotoxicity, cardiotoxicity) due to apoptosis. [1, 2] CP interacts with DNA, and forms intra-and inter-crosslinks. The resulting DNA damage initiates apoptosis. [2] Beneficial effects of hesperidin following cis-diamminedichloroplatinum-induced damage in heart of rats Departments of Emergency Medicine, 1 Medical Pharmacology,
Cardiotoxicity of the treatment in oncology usually limits its benefits. To date, cardiotoxicity has not received much attention, as it has not been considered as a dose-limiting factor for CP; however, recent studies have reported that CP treatment leads to significant cardiotoxic effects. [1] [2] [3] [4] [5] During the development of CP-dependent cardiotoxicity, mild symptoms as well as severe symptoms (congestive heart failure, pericarditis, and cardiomyopathy) can be observed. [3] [4] [5] Oxidative stress plays an important role in the pathophysiology of CP cardiotoxicity. [4, 5] The CP superoxide ion can produce active oxygen species, such as hydroxyl radicals, and can inhibit active antioxidant enzymes in normal tissues. [6] Therefore, various antioxidants including ginger extract, propionyl-L-carnitine, DL-lipoic acid, and thiamine pyrophosphate have been tested to prevent CP cardiotoxicity. [2, 4, 5, 7] On the other hand, there are no studies on the efficacy of hesperidin (HP) against CP-dependent cardiotoxicity. HP (3',5,7-trihydroxy-4'-methoxyflavanone 7-rhamnoglycoside) is a flavonoid glycoside that is found in orange and lemon cultivars, and has antioxidant properties. [8] This flavonoid has anti-inflammatory, anti-microbial, anti-carcinogenic, anti-oxidant effects, and strengthens capillaries. [8, 9] Thus, the aim of the current study was to analyze the biochemical and histological effects of HP against CP-induced cardiotoxicity and resulting oxidative stress.
Materials and Methods
Chemicals CP (10 mg/10 ml, code 1876A) was obtained from Faulding Pharmaceuticals Plc (Warwickshire, UK). All other chemicals were purchased from Sigma Chemical Co. (St. Louis, MO) and were of analytical grade or of the highest grade available.
Animals and treatments
A total of 28 healthy adult male Sprague Dawley rats (aged between 2 and 3 months and weighing 250-300 g) were obtained from the Experimental Animal Institute, Malatya, Turkey, for this experiment. Animals were housed in sterilized polypropylene rat cages, in a 12 h light-dark cycle, at an ambient temperature of 21°C. Diet and water for them were given ad libitum. Experiments were performed based on animal ethics guidelines of the Institutional Animals Ethics Committee. Rats were randomly divided into four equal groups (n = 7/group). CP was intraperitoneally (i.p.) administered at the dose of 7 mg/kg with a single injection. HP was given in doses of 50 mg/kg/day for 14 consecutive days by gavages. Group 1 (control) served as the negative control and was administered isotonic saline (i.p.) and corn oil (orally) as vehicles. In Group 2 (CP group), CP was administered as a single injection and then the corn oil was given for 14 days. Rats in Group 3 (HP group) were treated with HP for 14 days without CP. In Group 4, the rats were treated with CP and HP (i.e. CP + HP group) together. Tissue samples were collected on day 14 of CP treatment. The animals were killed under ether anesthesia and tissues (heart) were immediately removed and dissected over the ice-cold glass. Tissue samples were stored at 86°C in a deep freezer until analysis.
Biochemical assay
The homogenization of tissues was carried out in a Teflon glass homogenizer with 150 mM KCl (pH 7.4) to obtain a 1:10 (w/v) dilution of the whole homogenate. The homogenates were centrifuged at 18,000 × g (4°C) for 30 min to determine thiobarbituric acid reactive substances (TBARS), reduced glutathione (GSH) levels, and catalase (CAT) activities, and at 25,000 × g for 50 min, to determine Cu Zn-superoxide dismutase (SOD) activities.
The levels of homogenized tissue TBARS, as an index of lipid peroxidation, were determined by a thiobarbituric acid reaction using the method of Yagi.
[10] The product was evaluated spectrophotometrically at 532 nm, and results are expressed as nmol/g tissue. The GSH content of the testis homogenate was measured at 412 nm using the method of Sedlak and Lindsay. [11] The GSH level was expressed as nmol/ml. SOD activity was measured by the inhibition of nitro blue tetrazolium (NBT) reduction due to O 2 − generated by the xanthine/xanthine oxidase system. [12] One unit of SOD activity was defined as the amount of protein causing 50% inhibition in the NBT reduction rate. The product was evaluated spectrophotometrically at 560 nm. Results were expressed as IU/mg protein. CAT activity of the tissues was determined according to the method of Aebi. [13] The enzymatic decomposition of H 2 O 2 was followed directly by the decrease in absorbance at 240 nm. The difference in absorbance per unit time was used as a measure of CAT activity. The enzyme activities are given in k/mg protein. GPx activity was measured by the method of Paglia and Valentina. [14] In the presence of GSH reductase and NADPH, the oxidized GSH is immediately converted to the reduced form with a concomitant oxidation of NADPH to NADP. The decrease in absorbance at 340 nm was measured. GPx activity is expressed as IU/mg protein.
Tissue protein content was determined according to the method developed by Lowry et al. [15] using bovine serum albumin as the standard.
Histological evaluation
For the light microscopic evaluation, heart samples were fixed in 10% formalin. The heart samples were processed by routine tissue techniques and were embedded in paraffin. Paraffin-embedded specimens were cut into 5 mm thick sections, mounted on slides, and stained with hematoxylin and eosin. Sections examined under a Leica DFC280 light microscope by Leica Q Win and Image Analysis System (Leica Micros Imaging Solutions Ltd., Cambridge, U.K).
An overall score of cardiac damage severity was semi-quantitatively assessed as follows: Eosinophilic stained and pyknotic nuclei cells, congestion, and necrosis. The microscopic score of each tissue was calculated as the sum of the scores given to each criterion. Scores were given as: 0 -none; 1 -mild; 2 -moderate; and 3 -severe for each criterion.
Statistical analysis was performed using SPSS 13 (SPSS Inc. Chicago IL, USA) and MedCalc software MedCalc Software, (Acacialaan Ostend, Belçika). All groups were compared by the nonparametric Kruskal-Wallis test. Exact P values were given where available, and P = 0.0002 was accepted as statistically significant. All results were expressed as mean ± standard deviation.
Results

Histological results
In the control [ Figure 1a ] and HP groups [ Figure 1b ], heart tissues showed normal histological appearance. In the CP group, eosinophilic stained and pyknotic nuclei cells, hemorrhage, and degeneration were detected [ Figure 2a and b]. On the other hand, these histological changes were partially decreased with HP treatment, and the therapeutic effects of HP were seen in the histological examination. Moreover, it was detected that the necrotic field [ Figure 2c ] in cardiac tissue had a significant appearance compared to control and other experimental groups. However, these changes were not seen in other treatment groups (HP and CP + HP groups) and HP treatments prevented these effects of CP in CP + HP groups. On the other hand, cardiac damage decreased in the CP + HP group. Cardiac damage was not completely ameliorated in the CP + HP group [ Figure 3a and b]. Histopathological scores are shown in Table 1 .
Biochemical results
As shown in Table 2 , the results of the current study revealed that use of CP resulted in a significant increase in heart tissue TBARS level. In addition, the administration of HP with CP diminished the CP-induced increase in the TBARS level in heart tissue. The current study showed that in CP + HP group significantly increased the SOD, GSH levels in heart tissue, compared to the CP group.
As seen in Table 2 , CP treatment led to a marked increase in TBARS level in the cardiac tissue compared to other groups. However, CP treatment led to a significant decrease in SOD, GSH, and CAT levels. There was no significant difference in TBARS and CAT levels between the HP group and the control group, whereas GSH and SOD levels were markedly higher in the HP group. In addition, when the CP + HP group was compared to the control group, changes that were caused by CP treatment were closer to the control group, and except for CAT levels, the effects of CP were attenuated. 
Discussion
Cardiotoxicity of the therapy in oncology often limits its benefits. Therefore, monitoring and early prevention of anti-carcinogenic treatment cardiac complications is of clinical interest. CP is used in the treatment of many solid tumors. Dose limitation due to side effects is one of the major problems in CP treatment. Therefore, various studies are conducted to reduce the side effects of CP, which is frequently used in chemotherapy. The current study analyzed the oxidative and histological damage in cardiac tissue that is caused by CP.
Oxidative stress can be defined as the imbalance between reactive oxygen species and the capacity of antioxidant defense systems. While the pathogenesis of CP-induced cardiotoxicity is not fully explained, the contribution of DNA damage due to oxidative stress is known. Previous studies support the current study, and it has been shown that CP leads to cardiotoxicity by inducing cardiac enzymes and histopathological lesions. [2] Secondary to the CP-triggered lipid peroxidation in cardiac membranes, this damaging effect causes changes in TBARS, GSH, and SOD levels, activities of certain protective enzymes, and levels of antioxidant molecules. [1, [3] [4] [5] The present study revealed that single dose CP treatment led to a marked increase in TBARS level in the cardiac tissue, and led to a significant decrease in SOD, CAT, and GSH levels. Due to its effects on oxidant and antioxidant systems, CP causes a significant level of oxidative stress in the cardiac tissue.
HP has attracted attention in recent studies, especially regarding its capacity to prevent the effects of free radicals, and its high antioxidant properties. Antioxidant molecules such as HP have protective effects against the oxidative damage caused by drugs and other damaging agents. [16, 17] The strong antioxidant activity of HP contributes to the prevention of various types of oxidative damage, toxicity, and other diseases. [17] The present study revealed that HP inhibited CP-induced oxidative damage by increasing SOD and GSH levels, and decreasing TBARS levels. These findings indicate the cardioprotective role of HP due to its antioxidant effect and are consistent with other studies indicating the protective effect of HP on the cardiovascular system. [8, 17] The researchers of the present study did not observe a significant difference in GSH levels between the CP + HP group and the control group. However, compared to the CP group, GSH levels were significantly higher in Group 3 and Group 4. GSH is a nonenzymatic antioxidant, and is a key component of the antioxidant defense system. At the same time, GSH ensures protection of the membrane integrity. [7] In the present study, high GSH levels in Group 3 and Group 4 are consistent with the previous studies indicating its cardioprotective features. [3, 7] In the present study, elevated GSH levels supported the membrane integrity in myocardial cells, and protected them from oxidative damage, thus, preventing various pathologies within the myocardium. Increased TBARS levels and decreased GSH levels in the cardiac tissue due to CP treatment support the notion that CP triggers oxidative damage that led to cardiac damage.
In addition, recent studies have focused on the protective effect of HP on the cardiovascular system. [8] Deng et al. reported that HP inhibits pressure-dependent dysfunction and fibrosis, and cardiac hypertrophy, and decreases increased oxidative stress and apoptosis. According to the findings of the present study, HP protects heart muscle cells from damage, and attenuates cardiac damage and toxicity.
Previous studies have shown that CP inhibits cellular protein synthesis, and causes apoptosis after mitochondrial damage. [18, 19] CP also causes significant histopathological changes in heart tissue. [1] [2] [3] [4] [5] According to the findings regarding the histopathological changes, CP, together with fibrous tissue reactions, causes degeneration and necrosis in cardiomyocytes. Massive degenerative changes have been reported in a study on the histopathological changes in the cardiac system that are caused by CP. [1] The number of studies on this topic is limited, and the findings are consistent with the current study with regards to tissue damage criteria (e.g., necrosis, degeneration, and hemorrhage). [1] [2] [3] This condition can be interpreted as the disruption of the balance between the oxidant system, which is induced by CP, and the antioxidant system. In addition, the present findings suggest that the combination of CP and HP decreases histopathological damage. These findings are consistent with the findings by Al-Majed et al. [1] 
Conclusion
HP treatment led to a decrease in oxidative stress and associated histological damage. The present findings indicate that HP treatment supports a reduction in heart damage due to CP treatment. HP treatment led to biochemical and histological improvements in the heart tissue. HP treatment led to a decrease in TBARS levels in the cardiac tissue, and an increase in SOD and GSH levels. The current study represents the first study on the protective effect of HP against CP-induced cardiotoxicity. While the results indicate the protective effect of HP in CP-dependent cardiac damage, more comprehensive prospective studies are required. Future clinical studies will contribute to the potential clinical use of HP.
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